Aims: This study investigated the antibiotic susceptibilities of avian pathogenic Escherichia coli (APEC) isolates from layer chickens that died of colibacillosis, in the 6 states of Southwest Nigeria. Methodology and results: From bacteriological cultures of dead layers with suspected colibacillosis, 509 APEC isolates were identified by Gram staining, microscopy, and biochemical reactions, and tested by the Kirby-Bauer disc diffusion method for susceptibility to 9 human and veterinary antibiotics: Streptomycin (Str, 200 µg); Nitrofurantoin (Nit, 300 μg); Augmentin (Aug, 30 µg); Amoxicillin (Amo, 25 µg); Chloramphenicol (Chl, 30 µg); Gentamicin (Gen, 10 µg); Tetracycline (Tet, 25 μg); Ofloxacin (Ofl, 5 µg); and Fosfotrim (Fos, 30 μg). The APEC isolates were highly resistance to Amo (99.2%), Chloramphenicol (96.5%), Tet (91.4%) and Ofl (86.4%); moderately resistant to Gen (67.2%), Aug (63.5%), Nit (51.7%) and Fos (37.9%); while 14.3% of the isolates were resistant to Str at the test concentration of 200 µg, equivalent to ten times the normal disc test concentration. Overall, 39 antibiotic resistance patterns were observed, and more than 84.68% (n = 431) of the APEC isolates were multi-drug resistant. Conclusion, significance and impact of study: These results indicate that there is widespread misuse of antimicrobials in the poultry industry in Southwest Nigeria, and portend a high failure rate for the treatment of avian colibacillosis in the region. Owing to the public health importance of multidrug resistant bacteria that arise from animal production systems, there is need for exhaustive review of the regulatory framework guiding the supply and use of veterinary antimicrobials in Nigeria.
INTRODUCTION
Most Escherichia coli are non-pathogenic, and comprise part of the microflora of the colon of reptiles, birds and mammals. However, Avian Pathogenic Escherichia coli (APEC) serotypes as a group are virulent for birds, and are the causative agents of avian colibacillosis. APEC serotypes affect all age groups of susceptible birds ranging from chicks to adult layers, broilers and breeders. These APEC infections are the chief cause of morbidity, lowered productivity and higher mortality rates of affected poultry flocks (Dho-Moulin and Fairbrother, 1999; Alterkruse et al., 2002; Barnes et al., 2003; Ewers et al., 2003) . APEC infections in early embryonic life translate to a high number of dead in shell embryos and reduced hatchability of fertile eggs (Raji et al., 2003) . In Nigeria, E. coli serotypes O8:K50, O9:K30, O26:K60 and O78:K80, have been identified in clinical cases of colibacillosis or from poor hatches characterized by high numbers of dead in shell embryos (Raji et al., 2007) .
APEC infections may be introduced to susceptible birds via contaminated feed, water, dust, and litter materials (Nivas et al., 1977; Dho-Moulin and Fairbrother, 1999) . Chicks may acquire the infection from unsanitary hatchery equipment and premises. APEC strains may also be passed on to chicks when a developing egg is contaminated in the reproductive tract or cloaca of a carrier hen (Barnes and Gross, 1997) . The clinical course of avian colibacillosis depends on the virulence of the eliciting APEC strain. Thus, the disease varies from a peracute and rapidly fatal septicemia with little or no clinical signs, to a subacute or mild disease, or an acute form with signs including sudden onset of dyspnea, depression and prostration ending in death, or a chronic infection characterized by a gradual onset of anorexia, unthriftness, diarrhea and progressive emaciation that is 318 ISSN (print): 1823-8262, ISSN (online): described by farmers as the "sick bird syndrome". The usual clinical signs of avian colibacillosis in chicks (mushy chick syndrome) include somnolence, lethargy, anorexia, diarrhea, failure to groom, and a tendency to huddle together near the heater in the brooder premises. Affected chicks start to die within 24 h and mortalities attain a peak at about the 5 th to 7 th day post-hatching. Typical lesions of avian colibacillosis observed at postmortem include facial cellulitis (swollen head syndrome), omphalitis (yolk sac infection), air sacculitis, peritonitis, pericarditis, salpingitis, synovitis and coligranuloma or Hjarre"s disease (Barnes and Gross, 1997; Dho-Moulin and Fairbrother, 1999) .
APEC virulence factors
APEC serotypes possess virulence factors that act to evade the activity of heterophils (Mellata et al., 2003) . These virulence factors favor egress of the pathogen from its primary portal of entry and localization in the nasopharynx, into the general circulation of infected birds from where it establishes septicemia. APEC virulence factors include: Types 1 (F1A) and P (F11) fimbriae; curli (i.e. the aerobactin iron-sequestering system); K1 capsular antigen; temperature-sensitive haemagluttinin (Tsh); and resistance to the bactericidal effect of serum (Dho-Moulin and Fairbrother, 1999) ; the 0-min, group of unique chromosomal regions (Brown and Curtiss III, 1996) ; and putative virulence genes including cvaC, iroN, iss, iutA, sitA, tsh, fyuA, irp2, and ompT that are harbored in the large APEC plasmid known as pTJ100 (RodriguezSiek et al., 2005) . The ability of APEC to evade the effects of several antimicrobials is yet another virulence enhancing mechanism and it is mediated by the plasmids IncA/C, IncP1-α, IncF, and IncI1, that carry multidrug resistance (MDR) encoding genes (Johnson et al., 2012) .
There have been several reports of the involvement of MDR APEC isolates in cases of avian collibacillosis in Nigeria, but the samples used were limited to quite a few farms (Orajaka and Mohan, 1986; Raji et al., 2003; Raji, et al., 2007; Ogunleye et al., 2008; Mamza et al., 2010) . The aim of this study was to determine the antibiotic susceptibilities of APEC isolates from a wider location within the southwest geopolitical zone of Nigeria, comprising Lagos, Oyo, Ogun, Osun, Ondo and Ekiti in SW Nigeria. The economic and public health implications of drug resistant APEC phenotypes are highlighted and the strategy for prevention of avian colibacillosis in the study area is discussed.
MATERIALS AND METHODS

Study location (SW Nigeria)
A distinct geopolitical zone comprising 6 contiguous States: Lagos (6° 31' 23.8" N 3º 32' 26.85" E); Ondo (6° 53' 45.35" N 4° 53' 36.83" E); Ogun (6° 54' 35.4" N 3° 15' 30.11" E); Osun (7° 35' 15.3" N 4° 33' 44 .79" E); Ekiti (7° 39' 56.09" N 5° 18' 36.9" E) and Oyo (8° 7' 10.44" N 3° 25' 10.39" E) . Bounded by the Atlantic Ocean to the South, the South-East border of the Republic of Benin to the West, Kwara and Kogi States to the North, Edo State to the East, and Delta State to the South-East (Figure 1 Farmers" preference for commercial poultry production in SW Nigeria has been attributed partly to the scarcity of land in the region, and the relative ease with which large flocks of birds can be raised in confinement .
Sampling procedure
Following repeated farm outbreaks of a poultry disease with clinical signs resembling colibacillosis between May and September 2009, this study was done to detect the aetiology of the condition. Fresh samples of dead chickens were randomly selected from batches received from 707 commercial poultry farms scattered across Oyo, Ogun, Ondo, Osun, Lagos and Ekiti States. The sampling procedure was highly randomized to ensure the representativeness of the chosen birds. The carcasses were promptly necropsied according to the standard procedure described by Lowenstine (1986) . Briefly, each carcass was examined externally for signs of colibacillosis including facial cellulitis, conjunctivitis, nasal discharges, and arthritis (especially of the hock joint), and for signs of management problems e.g. cachexia, pecking wounds and cage strangulation. The carcass was then opened up and inspected for internal lesions including tracheitis, air sacculitis, pneumonia, pericarditis, hepatitis, oophoritis, salpingitis and egg bound peritonitis (an inflammation of the peritoneum and reproductive tract of laying birds). With sterile swabs, samples of the heart blood, oro-nasal exudates, joint fluids and lesions of affected organs (liver, spleen, gall bladder, air sac, heart, pericardium, ovary and oviduct) were aseptically collected for bacteriological analysis.
APEC isolation and identification technique
The specimen swabs were streaked directly on sterile MacConkey (MCA) agar plates (Oxoid Ltd., Detroit, Michigan, USA) and the inoculated plates were incubated at 37 °C aerobically for 24 h. A tentative case diagnosis of avian colibacillosis was based on the appearance on the MCA culture plates, of a preponderance of colonies resembling E. coli (with a convex shape, dark pink color, entire edges and a diameter of 2-4 mm). From the 24 h cultures, 2 to 3 representative colonies of E. coli were selected with a sterile inoculating loop and sub-cultured twice on eosin methylene blue (EMB) agar (Oxoid Ltd., Detroit, Michigan, USA) at 37 °C, aerobically for 24 h. Several colonies measuring 1-2 mm in diameter and with a characteristic metallic green sheen resembling that of E. coli were observed on the EMB plates. Further confirmation of E. coli was according to Krieg et al. (1984) , and based on gram staining, and biochemical tests (catalase, oxidase, indole, methyl red, Voges-Proskauer test, citrate utilization, nitrate reduction, H2S production in TSI, gelatin liquefaction and urease test).
Antimicrobial susceptibility test
The standard disc diffusion test was performed according to the recommendations of the Clinical Laboratory Standards Institute (CLSI, 2006) . Four to five well separated colonies of E. coli were selected from the EMB agar plates with a sterile inoculating loop, suspended in 2 mL of sterile normal saline in a tube, and vortexed to obtain a uniform mixture. The turbidity of the mixture was adjusted to 0.5 McFarland Standard by adding more organism if the suspension was found to be too light, or by further dilution with sterile saline if the suspension was too heavy. A sterile cotton swab was dipped into the standardized suspension of E. coli, and streaked evenly across the surface of Müller-Hinton (MH) agar to produce a uniform growth of the organism. With sterile forceps, 9 commercial antibiotic discs were placed on the surface of the inoculated MH agar and the plates were incubated at 37 °C, aerobically for 18 h. The antibiotics used were: streptomycin (Str, 200 µg); nitrofurantoin (Nit, 300 μg); augmentin (Aug, 30 µg); amoxicillin (Amo, 25 µg); chloramphenicol (Chl, 30 µg); gentamicin (Gen, 10 µg); tetracycline (Tet, 25 μg); and ofloxacin (Ofl, 5 µg) -Abtek Biologicals Ltd., UK; and fosfotrim (Fos, 30 μg) -Investigación Aplicada S. A., Mexico. The antibiotic classes represented by these drugs are: aminoglycosides (streptomycin, gentamicin); potentiated phosphonates (Fosfotrim); nitrofurans (nitrofurantoin); β-lactam + β-lactam inhibitor (augmentin); fluoroquinolones (ofloxacin); tetracyclines (tetracycline); fenicols (chloramphenicol); β-lactam (amoxicillin).
Measurement and interpretation of the zones of growth inhibition on agar induced by the presence of these antibiotics, was according to CLSI standards for agar disc diffusion test (CLSI, 2006) . However, inhibition zones for fosfotrim were interpreted according to the manufacturer"s recommendations.
Interpretation of susceptibility test results
APEC isolates that are resistant to a minimum of three classes of antibiotics are regarded as MDR strains. Prevalence of antibiotic resistance among the APEC isolates was calculated as the percentage of isolates that showed resistance to one or more of the test antibiotics, according to the formula (Percentage Resistance = Number of resistant isolates/Number of isolates tested with the antibiotic x 100). According to Krumperman (1983) , the Multiple Antibiotic Resistance (MAR) index of each isolate is calculated as a ratio (a/b) were "a" is the number of antibiotics to which the isolate is resistant and "b" is the total number of antibiotics to which it is exposed. Adeleke and Omafuvbe (2011), described an isolate with MAR index less than or equal to 0.2 as one from a farm where antibiotics were used infrequently, while one with MAR index higher than 0.2 is from a farm where antibiotics were used more frequently.
Statistical Analysis
Data entry and analysis was performed with Microsoft Excel 2010. Descriptive statistics comprising percentages were used to indicate the proportion of layer farms affected by avian colibacillosis and other bacterial diseases; the frequency of isolation of APEC and other pathogenic bacteria from septicaemic lesions of dead birds; and the prevalence of resistance to antibiotics amongst APEC isolates in SW Nigeria. Summary data were presented as tables and a bar chart.
RESULTS
The prevalence of APEC infections in commercial layers
Overall, 59.55% (421 out of 707 farms) were confirmed with outbreaks of avian colibacillosis due to one or more APEC strains (Table 1) 
Antibiotic resistance patterns of APEC strains from SW Nigeria
The 509 APEC isolates exhibited a total of 39 resistance patterns to the nine tested antibiotics. Seventy-eight out of 509 APEC isolates (15.32%) had a MAR Index ≤ 0.2, 
DISCUSSION
Our findings show that in SW Nigeria, colisepticaemia (the peracute or acute form of avian colibacillosis) is the most frequent bacterial cause of death in commercial layers and by extension the most economically important bacterial disease of layers in the region. According to Gross (1994) , colibacillosis is a major cause of economic losses to the poultry industry throughout the world, and this is due to the reduced productivity and mortalities of affected flocks. Our isolations of Staphylococcus aureus and Streptococcus spp., Klebsiella spp., Pseudomonas spp., Enterobacter spp., Corynebacterium spp. and E. coli, from the blood and internal lesions of dead chickens is similar to the isolations reported by Dashe et al. (2012) . Most strains of these genera of bacteria comprise part of the avian commensal microflora and would only cause disease in immunocompromised birds (Wray and Davies, 2001 ). Stress plays a key role in this regard, and subclinical forms of Infectious Bursal Disease (Gumboro), Newcastle disease, Mycoplasmosis, Infectious bronchitis, and Coccidiosis are common stressors of poultry species (Wray and Davies, 2001) . Genetic predisposition to stress is also well known, and highly inbred lines or exotic poultry are more susceptible to stress and thus to opportunistic bacterial infection (Huff et al., 2005) . Other oft-neglected stress inducing factors that can predispose poultry to opportunistic infections include: poorly constructed or overcrowded housing, poor vaccine coverage against preventable viral, mycoplasma and protozoan diseases; and poor nutrition. According to Niilo and Bezeau (1961) , a combination of factors including poor management, unhygienic conditions and nutritional deficiencies (e.g. avitminosis A) can aid the natural outbreak of diseases caused by pathogenic organisms such as Pseudomonas aeruginosa. This study has revealed a very high prevalence of APEC with resistance to Amo, Chl and Tet (99.2%, 96.5%, 91.4% respectively), in SW Nigeria. These values are similar to those reported by Raji et al. (2007) , for APEC isolates from clinical cases of colibacillosis in Zaria, northern Nigeria (Amo, 65%; Chl, 70%; Tet, 60%), but are much higher than the prevalence figures reported by Hasan et al. (2011) for antibiotic resistant APEC strains from Bangladesh (Amo, 18%; Chl, 8.9%; Tet,45.5%). These variations in antibiotic resistance across locations may be due to differences in the patterns of usage of these drugs in different regions (and Ojo, 2007) . Selection pressure for the development of MDR plasmids in the gut flora of birds is driven by the routine addition of antibiotics to poultry feed and water for disease prevention and growth promotion (Bager et al., 1997; Van den Bogaard and Stobberingh, 1999) . Similar condition may exist with the administration of human antibiotics to poultry (Okoli et al., 2002) ; and the use of poultry feeds contaminated with MDR bacteria (Okonko et al., 2010; Ezekiel et al., 2011) . Our findings of high prevalence rates for APEC resistance to Tet, Str, Nit, Chl and to Ofl in SW Nigeria, point to a growing trend of heavier usage and misuse of these antibiotics. Ojeniyi (1989) reported 100% resistance to Tet and Str but 0% resistance to both Chl and Nit amongst faecal E. coli from intensively managed exotic chickens at Ibadan, SW Nigeria while in faecal E. coli from free-range chickens from the same area, there was almost no resistance to Tet and Str (96% and 98% susceptibilities respectively), and 0% resistance to Chl and Nit. This high level resistance to Tet and Str observed for faecal E. coli of intensively managed chickens 20 years prior to our study, may be due to the decades-long use of these 2 antibiotics as feed additives, and brooding medications for day-old chicks in Nigeria. On the other hand, Nit and Chl were introduced as poultry medications more recently, a factor that might have been responsible for the total susceptibility of faecal E. coli from intensive-and freerange chickens to these 2 antibiotics. Although, the scarcer and more expensive quinolones were not tested at all in the 1989 study, our results show that by 2009, 86.4% of APEC isolates from SW Nigeria were resistant to Ofl, a finding similar to the 85 -100% reported by Raji et al. (2007) for APEC isolates from 2 farms in northern Nigeria. To investigate the current Str-resistance status of APEC isolates from SW Nigeria, a disc concentration of 200 μg of Str, equivalent to a 10-fold increase in the usual disc concentration reported for the gel diffusion test was chosen. Remarkably, 14.3% of the APEC isolates were still resistant to this high concentration of Str.
The results of this study show that 84.68% (431 out of 509 isolates) of the APEC isolates from SW Nigeria were MDR phenotypes. This high aggregate prevalence of MDR E. coli isolates in SW Nigeria is similar to the findings reported by Ogunleye et al. (2008) for eleven commercial poultry farms in Abeokuta, Ogun State, and also to recent trends within the same area as reported by Ojo et al. (2012) , for apparently healthy free-range birds in which faecal E. coli were resistant to chloramphenicol (73.1%), streptomycin (80.8%), tetracycline (76.9%) and quinolones (34.6 -61.5%). Our findings of very high levels of APEC prevalence to tetracycline (91.4%), chloramphenicol (96.5%), Amoxicillin (99.2%) and the second generation Class-II quinolone Ofloxacin (86.4%), raise a moral question about the continued importation, marketing, and use of these drugs as poultry medications in Nigeria.
Results (Table 3) show that about one-third of all APEC isolates from SW Nigeria are pan-resistant to eight different classes of antibacterial drugs represented by the nine antibiotics tested in the agar gel diffusion test. This finding is disturbing because 5 of those antibiotics (Amo, Aug, Gen, Nit and Tet) belong to the current list of essential antibacterial drugs meant for human use in Nigeria (Federal Ministry of Health of Nigeria, 2010). Essential drugs for countries are selected based on prevailing health conditions, drug efficacy, safety, quality, and cost-effectiveness and government budgetary allocations for the health sector. In Nigeria, unqualified persons including farmers, continue to engage in the empirical treatment of poultry infections with popular antibiotics, based on the presumed susceptibility of causative strains.
Poultry farmers in Nigeria often resort to the use of antibiotic cocktails comprised of several human and veterinary preparations, when conventional poultry drugs fail to mitigate the symptoms of disease. According to Glynn et al. (1999) , MDR bacteria arising from the misuse of antibiotics in animal production systems, may select for drug resistant zoonotic bacteria such as Salmonella and Campylobacter. Poultry and livestock infections due to MDR bacteria lead to higher morbidities and prolonged treatment of sick animals, higher treatment failure rates and mortalities, and costly drug changes that add to the production costs for meat, dairy and eggs, and lower farmers" profits. Similarly, MDR bacteria have grave implications for public health in terms of higher morbidities, prolonged hospitalizations, the need for use of newer and expensive drugs, and the greater risk of mortalities in the elderly and infants.
CONCLUSION
A holistic approach is required for the prevention and control of avian colibacillosis in SW Nigeria and other regions of the country and this will require the active involvement and cooperation of farmers, hatchery operators, drug importers and marketers, veterinary and allied professionals, and government regulatory agencies at all levels. Hatcheries must be required to undergo regular and mandatory hygiene audits and quality control checks to ensure stricter compliance to disinfection procedures that can prevent cross-over infections between hatches. To operate, hatcheries must possess government certified reports of such audits. To detect vertically transmitted APEC infections, chicks must be screened early in life and affected batches should be traced-back to source (e.g. the hatchery and breeder flock of origin). The benefits of sanitization of farm water supplies cannot be overemphasized, and lines should be flushed with high concentration of water sanitizers to dislodge accumulated slime which protect bacteria. Veterinary extension agencies in Nigeria need to address the patent need for mass awareness campaigns that sensitize poultry and livestock farmers and feed millers, on the long term benefits of rational administration of antibiotics to farm animals.
There is need for stricter enforcement of section 6.23 of the National Drug Policy, the extant law that guides the procurement, distribution, supply and utilization of veterinary drugs in Nigeria (National Drug Policy, 2003) . Subsection 5 of the law requires that veterinary drugs should be dispensed based on prescriptions given by authorized and registered veterinary practitioners. In view of the high prevalence of pan-resistant APEC strains in SW Nigeria, there is a need to explore other treatment options that provide an alternative to antibiotics. For example, commercially available probiotics or organic acids in finished feed. The development of an autochtonous polyvalent vaccine that contains the most prevalent APEC strains from the region may still be the best long term solution to the prevention of avian colibacillosis in chickens and other poultry. 
